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1
ARRANGEMENT WITH A RADIAL SHAFT
SEAL HAVING A SINUSOIDALLY CURVED
SEALING EDGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit and priority of German
Application No. 10 2014 007 968.6, filed Jun. 4, 2014. The
entire disclosure of the above application is incorporated
herein by reference.

FIELD

The disclosure relates to an of a radial shaft seal for
sealing against a shaft.

BACKGROUND

A radial shaft seal having a sinusoidally curved sealing
edge is known from DE 195 22 890 C1.

Known radial shaft seals are frequently unable to guar-
antee a tight seal against lubricants, in particular oils, and
therefore are usually combined with a standard seal. One
such combination is disclosed in FIG. 1 of DE 195 22 890
Cl.

In light of the above background, a demand exists for a
radial shaft seal which forms a reliable and proper seal
against all types of lubricants, largely independently of
operating conditions and particularly independently of shaft
speeds and independently of the direction of rotation of the
shaft, so that an additional sealing element is no longer
necessary.

SUMMARY

The object of the disclosure is therefore to design and to
develop an arrangement of the type described in the intro-
ductory part, such that in said arrangement, a radial shaft
seal as a single component is able to produce high dynamic
seal tightness in a plurality of different applications.

According to the disclosure, it was first recognized that a
tight seal against oil can be achieved using a single sealing
element. A combination of a plurality of radial shaft seals is
not necessary, and is not provided according to the disclo-
sure. A radial shaft seal has a sealing lip with a sinusoidally
curved sealing edge, wherein in the installed state, the
sealing edge forms two angles with the longitudinal axis of
the shaft. According to the disclosure, the angles are chosen
such that a tight seal, at least against oil, is produced. As a
result of a fortunate choice, angle ranges were discovered
which, when enhanced by additional geometric parameters,
ensure defect-free seal tightness against all types of lubri-
cants. According to the disclosure, the seal tightness is
ensured largely independently of operating conditions, and
particularly of shaft speeds.

The problem stated in the introductory part is therefore
solved.

The sum of the angles which the first flank and the second
flank enclose with the longitudinal axis, in each case at a
point on the circumferential face, could measure 90°. This
results in a particularly effective sealing effect. As an addi-
tional advantage, dirt particles are forced back to the lubri-
cant side.

The double amplitude of the sinusoidally curved sealing
edge could be between 0.3 and 1.0 mm. In this manner, a
relatively wide strip face is formed on the circumferential
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face by the sealing edge. As a result, heat is removed
substantially more quickly into the shaft. Thus the critical
sealing lip temperature is much lower than that of conven-
tional sealing lips. The lubricant is also damaged thermally
and mechanically much less than with conventional sealing
lips.

The sealing lip could function without loading by a
spring. Relatively costly coiled springs, which usually press
a sealing lip against a circumferential face, could advanta-
geously be dispensed with. Preferably, no coiled spring or
similar separate spring is provided for pressing the sealing
lip against the circumferential face.

The sealing edge could be adjoined axially by an auxiliary
sealing edge, which is spaced apart from the circumferential
face by a spacing (s). As a result, a type of annular gap or
annular space is created, which can function as a lubricant
depot.

The spacing (s) could lie in the range from 0.03 to 0.05
mm. To guarantee pressure stability of up to 10 bar, the
circumferential auxiliary sealing edge is arranged down-
stream of the annular space, which serves simultaneously as
a lubricant depot. In the pressureless state, said auxiliary
sealing edge maintains the spacing (s) in the stated range
from the circumferential face of the shaft, and under pres-
sure, bears against the shaft. As a result, additional, pressure-
induced contact force is compensated for, and pressure on
the sinusoidal sealing edge is relieved.

The sealing edge could protrude from a face of the sealing
lip, which face faces the shaft, the face being spaced apart
from the circumferential face by a gap distance (x) in the
range from 0.05 to 0.5 mm. This gap distance results in a
tight seal, while at the same time, dirt particles are kept on
the lubricant side.

The tip of the sealing edge could be spaced apart from a
lubricant-side end of the sealing lip by between 0.5 and 1
mm. This spacing length leads to a tight seal, while at the
same time, dirt particles are kept on the lubricant side.

A press fit could be arranged between a housing and the
support of the radial shaft seal. The press fit is advanta-
geously made of an elastomer. A metal-metal seal, as dis-
closed in DE 195 22 890 C1, is thereby avoided.

A radial shaft seal could be used in an arrangement of the
type described here. A radial shaft seal having the design
features peculiar to it as described in the claims, alone or in
combination, in reference to the arrangement, produces
highly advantageous results in terms of a seal against
lubricants.

DRAWINGS

The drawings show

FIG. 1 is a partial sectional view of an arrangement which
comprises a radial shaft seal having a sinusoidally curved
sealing edge, which bears against a circumferential face of
a shaft;

FIG. 2 is an enlarged, partial sectional view of the sealing
edge according to FIG. 1;

FIG. 3 is a radial shaft seal having a protective lip made
of nonwoven material; and

FIG. 4 is a radial shaft seal having a conventional sealing
lip made of an elastomer, attached upstream.

DETAILED DESCRIPTION

FIG. 1 shows an arrangement which comprises a shaft 1
and a radial shaft seal 2, wherein the radial shaft seal 2
surrounds the shaft 1, wherein the radial shaft seal 2 has a
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support 3, which is connected to an elastomer body 4,
wherein the elastomer body 4 forms a sealing lip 5 for
bearing against the shaft 1, wherein the sealing lip 5 has a
sinusoidally curved sealing edge 6 on its side which faces
the shaft 1, which sealing edge runs around along the inner
circumference of the sealing lip 5, and wherein the sealing
edge 6 bears against the circumferential face 7 of the shaft
1.

The support 3 is made of metal.

FIG. 2 shows, in a detailed view, that the sealing edge 6
has a first flank 6a which encloses at least an angle () in the
range from 40° to 80° with the longitudinal axis of the shaft
1, and that the sealing edge 6 has a second flank 65 which
encloses at least an angle (f3) in the range from 10° to 60°
with the longitudinal axis of the shaft 1.

The angle (o) is formed on the lubricant side.

The sum of the angles which the first flank 6a and the
second flank 64 enclose with the longitudinal axis in each
case at a point on the circumferential face 7 is 90°.

The double amplitude (2a) of the sinusoidally curved
sealing edge 6 is between 0.3 and 1.0 mm.

The sealing lip 5 is not loaded by a spring.

The sealing edge 6 is adjoined axially by an auxiliary
sealing edge 8 which is spaced apart from the circumferen-
tial face 7 by a spacing (s). The spacing (s) lies in the range
from 0.03 to 0.05 mm.

The sealing edge 6 protrudes from a face 9 of the sealing
lip 5, which face 9 faces the shaft 1, the face 9 being spaced
apart from the circumferential face 7 by a gap distance (x)
in the range from 0.05 to 0.5 mm.

The tip 6¢ of the sealing edge 6 is spaced apart from a
lubricant-side end of the sealing lip 5 by a length (y) which
is between 0.5 and 1 mm.

FIG. 1 shows that a press fit 11 made of an elastomer is
arranged between a housing 10 and the support 3 of the
radial shaft seal.

FIG. 2 shows specific features that are required to ensure
an optimal sealing function. The sealing lip 5 has 3-5
sinusoidal periods along its inner circumference, depending
on the shaft diameter.

The geometry of the sealing edge 6 of the sealing lip 5 is
defined by angles o and P, the gap distance (x) and the
length (y). a corresponds to the amplitude of the sinusoidal
shape. s describes the spacing between the auxiliary sealing
edge 8 and the circumferential face 7 of the shaft 1.
These parameters preferably have the following values:
a=40-80°
p=10-60°
wherein the sum of the two angles should preferably be 90°,
and the two angles may have the same value.
x=0.05-0.5 mm
y=0.5-1.5 mm
2a=0.3-1.0 mm
$=0.03-0.05 mm

The axial extension of the sealing edge 6, that is, the
double amplitude, is 0.3 to a maximum of 1.0 mm, depend-
ing on the shaft diameter.

The number of sinusoidal periods with a shaft diameter of
5-25 mm is preferably three, and with a shaft diameter of
25-200 mm is preferably five.

The defined gap, which is established by parameters x and
y, and the sinusoidal sealing edge 6 ensure that larger
particles, which are frequently found in the space to be
sealed, are not deposited on the sealing edge 6, where they
could impact the sealing function.

To guarantee pressure stability of up to 10 bar, the
circumferential auxiliary sealing edge 8 is arranged down-
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stream of an annular space 12, which also serves as a
lubricant depot. In a pressureless state, said auxiliary sealing
edge maintains a spacing (s) from the circumferential face 7
of the shaft 1, and when pressurized, it bears against the
shaft 1. In this manner, pressure-induced additional contact
force is compensated for, and pressure on the sinusoidal
sealing edge 6 is relieved.

Sinusoidal sealing edges 6 have the following advantages
over conventional sealing edges:

They cover an up to 300% larger or wider strip surface
over the shaft circumference than conventional sealing
edges. As a result, heat is removed much more quickly into
the shaft 1.

Thus the critical sealing lip temperature is much lower
than that of conventional sealing lips. In addition, the
lubricant is not damaged thermally and mechanically nearly
as severely as with conventional sealing lips.

The sealing lip 6 is much more effectively lubricated due
to its sinusoidal shape. The frictional heat and/or the power
dissipation that are generated are therefore correspondingly
lower. Lower shaft running-in and lower running track wear
result.

Sinusoidal sealing edges generally have the disadvantage
that, due to their shape, they do not provide a tight seal
against low-viscosity lubricants in every speed range.
Depending on the amplitude and the slope of the sinusoidal
sealing edge, leaks can occur as a result of shaft speed and
other operating conditions, such as a shaft impact, housing
misalignment or wetting properties of the lubricants.

A further disadvantage is the at times tremendous con-
veying behavior of such sealing edges. Said edges con-
stantly take in air, so that unacceptable levels of excess
pressure frequently occur in axles and transmissions, or even
motors, that are not vented.

According to the disclosure, these disadvantages are com-
pensated for by the specific embodiment of the sealing lip
geometry. A secure seal is produced even on shafts that have
a delivery swirl, generated during production. FIGS. 3 and
4 show additional radial shaft seals having sinusoidal sealing
edges, in which an induction of air through a sealing lip
made of elastomer and arranged upstream of said sealing
edge (FIG. 4) and/or through a protective lip made of
nonwoven fabric is minimized.

The invention claimed is:

1. An arrangement which comprises a shaft (1) and a
radial shaft seal (2), the radial shaft seal (2) surrounding the
shaft (1), the radial shaft seal (2) having a support (3) which
is connected to an elastomer body (4), the elastomer body
(4) forming a sealing lip (5) for bearing against the shaft (1),
the sealing lip (5) having a sinusoidally curved sealing edge
(6) on its side which faces the shaft (1), which sealing edge
(6) runs around along the inner circumference of the sealing
lip (5), and the sealing edge (6) bearing against the circum-
ferential face (7) of the shaft (1), characterized in that the
sealing edge (6) has a first flank (6a) which encloses at least
an angle (a) in the range from 40° to 80° with the longitu-
dinal axis of the shaft (1), and in that the sealing edge (6) has
a second flank (65) which encloses at least an angle (p) in the
range from 10° to 60° with the longitudinal axis of the shaft
),

wherein the sealing edge (6) protrudes from a face (9) of

the sealing lip (5), which face (9) faces the shaft (1), the
face (9) being spaced apart from the circumferential
face (7) by a gap distance (x) in the range from 0.05 to
0.5 mm, and
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wherein the sum of the angles which the first flank (6a)
and the second flank (65) enclose with the longitudinal
axis in each case at a point on the circumferential face
(7) is 90°.

2. The arrangement according to claim 1, wherein the 5
double amplitude (2a) of the sinusoidally curved sealing
edge (6) is between 0.3 and 1.0 mm.

3. The arrangement according to claim 1, wherein the
sealing lip (5) is not loaded by a spring.

4. The arrangement according to claim 1, wherein the 10
sealing edge (6) is adjoined axially by an auxiliary sealing
edge (8) which is spaced apart from the circumferential face
(7) by a spacing (s).

5. The arrangement according to claim 4, wherein the
spacing (s) lies in the range from 0.03 to 0.05 mm. 15
6. The arrangement according to claim 1, wherein the tip
(6¢) of the sealing edge (6) is spaced apart from a lubricant-
side end of the sealing lip (5) by between 0.5 and 1 mm.

7. The arrangement according to claim 1, wherein a press
fit (11) is arranged between a housing (10) and the support 20
(3) of the radial shaft seal (2).
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